Changes in protein nutritional quality as affected by processing of millet supplemented with Moringa seed flour  by Mohammed Nour, Azhari A. et al.
Journal of the Saudi Society of Agricultural Sciences (2016) xxx, xxx–xxxKing Saud University
Journal of the Saudi Society of Agricultural Sciences
www.ksu.edu.sa
www.sciencedirect.comFULL LENGTH ARTICLEChanges in protein nutritional quality as aﬀected
by processing of millet supplemented with Moringa
seed ﬂour* Corresponding author. Tel.: +966 11469 3311; fax: +966 1467
8394.
E-mail addresses: ebabiker.c@ksu.edu.sa, elfadilbabiker@yahoo.
com (E.E. Babiker).
Peer review under responsibility of King Saud University.
Production and hosting by Elsevier
http://dx.doi.org/10.1016/j.jssas.2016.05.006
1658-077X  2016 The Authors. Production and Hosting by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Please cite this article in press as: Mohammed Nour, A.A. et al., Changes in protein nutritional quality as aﬀected by processing of millet supplemented with
seed ﬂourMoringa –>. Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.1016/j.jssas.2016.05.006Azhari A. Mohammed Nour a, Awad R. Mohamed b, Oladipupo Q. Adiamo c,
Elfadil E. Babiker c,*aDepartment of Basic Sciences, Faculty Applied Medical Science, Albaha University, Albah city, Saudi Arabia
bDepartment of Food Science and Technology, Faculty of Agriculture, University of Khartoum, Shambat 14413, Sudan
cDepartment of Food Science and Nutrition, College of Food and Agricultural Sciences, King Saud University, P.O.






Protein digestibilityAbstract Pearl millet flour was supplemented with 5%, 10% and 15% defatted Moringa seeds
flour (DMSF). Raw and supplemented flour were fermented and/or cooked for 0, 8 and 16 h.
Changes in protein content and digestibility and amino acid compositions and scores of the samples
were investigated. Supplementation of raw flour increased significantly (p 6 0.05) the protein con-
tent and digestibility. Further increase in protein content and digestibility was observed in the fer-
mented dough of raw flour and higher values were obtained after cooking of 16 h-fermented dough
(p 6 0.05). Amino acids were increased significantly (p 6 0.05) with supplementation level. Cooking
of the flour supplemented with 10% DMSF lowered both essential and non-essential amino acids
with lysine and glycine reduced to 25.68 and 12.09 mg/100 g, respectively. Fermentation for 16 h
increased amino acids except isoleucine, phenylalanine, arginine, serine and proline compared to
cooked composite flour. All amino acids were significantly (p 6 0.05) increased after cooking of
16 h-fermented dough. The chemical scores of the essential amino acids of the flour were fluctuated
after supplementation. The majority of the amino acids scores were decreased after cooking of 10%
DMSF fermented dough except histidine, lysine and threonine.
 2016 The Authors. Production and Hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
In developing countries, the high price of animal foods and
limited income earned by majority people has resulted in their
dependency on cereal grains as staple food. Also increase in
human population in developing countries and short-falls in
cereal production in several developed countries had resultedMoringa
2 A.A. Mohammed Nour et al.in increase in demand for cereals as foods, feed and industrial
raw materials (Sokrab et al., 2012).
Millet is a cereal grain used in the production of various
traditional foods and beverages and as major food compo-
nents such as bread, snack foods and porridges in many
African and Asian countries (Chandrasekara et al., 2012).
Studies have shown that millet also possesses some health ben-
efits such as reducing blood pressure, heart diseases and
cholesterol and supplying gastrointestinal bulk (Gupta et al.,
2012). Millet grains and products are now receiving great inter-
est from researchers in food scientist and nutritionist due to
their potential health benefit and contribution to national food
security (Saleh et al., 2013). However there is inadequacy in the
nutritive value of millet, like other cereals, because of its defi-
ciency in essential amino acids like lysine (Ali et al., 2009). Mil-
let flour also has low in vitro protein digestibility (45.75%) and
this varies among fractions of the grain (Nour et al., 2015b).
Several researches or approaches have been carried out in
improving the low protein quality and biological utilization
of nutrients in millets which serve as a basic staple food for
majority of people in developing countries (Ali et al., 2009;
Mohamed et al., 2010a–c, 2011). Fortification and processing
are some of the approaches that can also be used to solve such
problems. Cheap and readily available plant proteins from
legumes are large replacing animal protein as suitable source
of high quality protein (Annan and Plahar, 1995). Moringa
oleifera is a fast growing drought resistant leguminous crop
commonly grown in Africa and Middle East. Moringa are rich
in protein source and are being recommended by nutritionist
to solve the problem of malnutrition worldwide (Thurber
and Fahey, 2009). The legume contains high amount of essen-
tial amino acids such as lysine which are deficient in most cer-
eal grains such as millet. Supplementation of millet flour with
Moringa seeds flour has been reported to increase in vitro pro-
tein digestibility and antinutritional factors of the millet flour
(Nour et al., 2015a).
Improvement in the nutritional value of plant grains has
been achieved by various simple processing methods such as
cooking, fermentation and soaking (Nour et al., 2010;
Yagoub and Abdalla, 2007). Research has shown that fermen-
tation increased the in vitro protein digestibility and mineral
contents of pearl millet cultivars flour (AbdelRahaman et al.,
2005). Cooking on the other hand has been reported to
decrease the in vitro protein digestibility and values of antinu-
tritional factors of pearl millet flour (Nour et al., 2015a). There
is still dearth of information on the combined effect of fermen-
tation and cooking coupled with supplementation on the pro-
tein quality and digestibility of millet flour. Therefore this
study was conducted to investigate the effect of fermentation
and/or cooking of millet flour supplemented with DMSF on
protein quality and in vitro protein digestibility.
2. Materials and methods
2.1. Sample preparation
Grain sample of millet seeds (Pennisetum glaucum L.) was
obtained from Department of Agronomy, Faculty of Agricul-
ture, University of Khartoum. The seeds were cleaned, freed
from foreign, broken and shrunken seeds, milled into fine flour
using house blender and mortar to pass through a 0.4 mmPlease cite this article in press as: Mohammed Nour, A.A. et al., Changes in protein n
seed ﬂourMoringa –>. Journal of the Saudi Society of Agricultural Sciences (2016),screen and then stored in polyethylene bags at 4 C for further
analysis. Moringa (M. oleifera) was obtained from a private
agricultural company, Khartoum North, Sudan. The seeds
were cleaned, freed from extraneous matter, milled into fine
powder, and defatted with cold (4 C) acetone (flour to solvent
ratio 1:5 w/v) with constant magnetic stirring provided for 4 h.
The defatted flour was placed inside a fume cupboard for 6 h
to dry and to remove any trace of residual acetone. The flakes
were then milled into fine flour to pass a 0.4 mm sieve and kept
at 4 C for further analysis. The defatted freeze-dried Moringa
seeds flour was added individually to millet flour using Pearson
square to increase nutritive value of millet flour by 5%, 10%
and 15%. All chemicals used in this study were of reagent
grade.
2.2. Cooking
Cooking of the samples was carried out by suspending the
flour of the sample in distilled water in the ratio of 1:2
(flour:water, w/v) and the mixture was shaken to avoid lumps
while boiling in a water bath (Karle Kolb, 777015, Frankfurt,
Germany) for 20 min. The viscous mass was spread out thinly
in a dish and oven dried at 70 C. The dried flakes were milled
into fine flour using house blender (BLG-450, Binatone, Shen-
zhen, China) and mortar to pass through 0.4 mm screen and
stored at 4 C for further analysis.
2.3. Fermentation
Natural fermentation of millet flour and composite flours was
carried out by mixing the flour with distilled water (1:2 w/v).
About 250 g of each sample was mixed with 500 ml distilled
water in 750 ml beaker and incubated (Gallenkamp, England)
at 37 C for periods 0, 8 and 16 h. After the incubation periods
the samples were mixed using a glass rod and transferred to
aluminum dishes (30 cm diameter), and dried in a freeze drier
(12525, Virtis Company, Gardiner, New York). Dried samples
were ground to pass through 0.4 mm screen and stored at 4 C
for further analysis.
2.4. Cooking of fermented dough
Slurry of the fermented dough of each sample was cooked for
10 min, cooled and dried in a freeze drier. The dried flakes
were milled into fine flour and stored at 4 C for further
analysis.
2.5. In vitro protein digestibility
In vitro protein digestibility of the samples was measured
according to the method described by Manjula and John
(1991), using pepsin and pancreatin digestion method. The
digested protein was analyzed for nitrogen using micro Kjel-
dahl procedure (AOAC, 1995) and expressed as a percent of
the total N.
2.6. Amino acid compositions and scores determination
Amino acid composition of the samples was measured on
hydrolysates using amino acids analyzer (Sykam-S7130/utritional quality as aﬀected by processing of millet supplemented with Moringa
http://dx.doi.org/10.1016/j.jssas.2016.05.006
Protein quality of processed millet supplemented with Moringa 3Germany) based on high performance liquid chromatography
technique. The method of Moore and Stain (1963) was used in
the preparation of the sample hydrolysates. About 250 mg of
sample was taken in hydrolysis tube followed by addition of
5 ml 6 N HCl into the tube, and the mixture was tightly closed
and incubated at 110 C for 24 h. The solution was filtered
(Whatmann No. 1) after incubation and 200 ml of the filtrate
was evaporated to dryness at 140 C for 1 h. Each hydrolysate
after dryness was diluted with 1 ml of 0.12 N, pH 2.2 citrate
buffer (11.8 g trisodium citrate + 6 g citric acid + 14 ml bio-
biglycol + 12 ml 32% HCl + 2.0 g phenol in one liter), the
same as the amino acid standards (amino acid standards H,
Pierce. Inc., Rockford). About 150 lL of sample hydrolysate
was injected in the cation separation column at 130 C. Ninhy-
drin solution (reaction reagent) and an eluent buffer (The buf-
fer system contained solvent A, pH 3.45, and solvent B, pH
10.85) were delivered simultaneously into a high temperature
reactor coil (16 m length) with a flow rate of 0.7 ml/min. The
buffer/ninhydrin mixture was heated in the reactor at 130 C
for two minutes to accelerate chemical reaction of amino acid
with ninhydrin. The products of the reaction mixture were
detected at wavelength of 570 nm and 440 nm on a dual chan-
nel photometer. The amino acid composition was calculated
from the areas of standards obtained from the integrator
and expressed as percentages. The essential amino acid
(EAA) score was determined by using the following formula:
EAA score¼ Grams of EAA in 100 g test protein100
Grams of EAA in 100 g FAO=WHO=UN; 1985reference pattern2.7. Statistical analysis
All data were subjected to statistical analysis, each determina-
tion was carried out and analyzed in triplicate and figures were
then averaged. Data were assessed by the analysis of Variance
(ANOVA) (Gomez and Gomez, 1984). Duncan Multiple
Range Test was used to separate means. Significance was
accepted with at p 6 0.05.
3. Results and discussion
3.1. Effects of processing methods and supplementation on
protein content and in vitro protein digestibility (IVPD) of
millet flour
Table 1 shows the effect of fermentation and/or cooking on
protein content and digestibility of millet flour supplemented
with different levels of DMSF. The protein content of raw
flour was found to be 12.29%. The value obtained for protein
content is within the range obtained by Nour et al. (2015a) for
pearl millet flour. Addition of 5%, 10% and 15% DMSF to
the millet flour significantly (p 6 0.05) increased the protein
content of the flour. The increase could be attributed to the
fact that raw Moringa seed flour contained high amounts of
protein (63.41%) which increased that of the composite flours.
Fermentation of raw millet flour and composite flour supple-
mented with DMSF for 8 h slightly increased the protein con-
tent. Increase in fermentation period and supplementation
level significantly (p 6 0.05) increased the protein content of
the flours. A similar trend of increase in protein content with
fermentation period and supplementation levels was reportedPlease cite this article in press as: Mohammed Nour, A.A. et al., Changes in protein n
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during fermentation is likely due to solubilization of insoluble
proteins of raw and composite flours as well as microbial syn-
thesis from metabolic intermediates. The protein content of
supplemented and raw flour increased slightly after cooking
of fermented dough with a maximum value obtained for fer-
mented dough of 15% composite flour after cooking
(23.93%). The values for protein contents obtained in this
study were higher than those reported by Nour et al. (2015a)
for cooked millet flour supplemented with Moringa seed flour.
The difference in protein content between the data of the pre-
sent study and previous one could be due to varietal differ-
ences as well as growing and processing conditions.
The IVPD of raw flour was found to be 45.75%. The IVPD
of raw Moringa seed flour was found to be 86.10% which is
higher than that obtained by Thierry et al. (2013). Supplemen-
tation and/or fermentation of the flour significantly (p 6 0.05)
increased the IVPD with a maximum value (79.42%) obtained
when the flour was supplemented with 15% DMSF and fer-
mented for 16 h. The increment in IVPD of supplemented
and/or fermented flour could be attributed to antinutrients
degradation by microorganisms and to partial degradation of
complex storage proteins into simple and soluble products.
Moreover, addition of DMSF may contribute in improving
the IVPD of the supplements due to its high IVPD. The results
obtained are in accordance with those reported by
AbdelRahaman et al. (2005) who observed an improvement
in IVPD of millet flour with fermentation period. Cooking
of raw and supplemented doughs was found to be more effec-
tive in increasing the IVPD of the samples. The results
matched with those reported by El Hag et al. (2013) and
Taylor and Taylor (2002), and they observed that combination
of fermentation and cooking significantly improved the protein
digestibility of sorghum. The increase in IVPD after cooking of
fermented doughs could be attributed to the combined effect
of fermentation and cooking in decreasing the antinutritional
factors of the flour such as phytate and tannins (Osman
et al., 2010). Although polyphenols react with protein to form
poorly extractable protein–phenolic complexes during cooking
(Osman et al., 2010) but the enzymes released by microorgan-
isms during fermentation may possibly degrade the antinutri-
ents and complex storage proteins into simple forms.
Furthermore, the addition of DMSF may probably reduce
the formation of disulfide bonds after heating, which resulted
in protein folding and hence decreased its susceptibility to
digestive enzymes.3.2. Amino acid compositions of millet flour supplemented with
DMSF
As shown in Table 2, millet flour is very poor in both essential
and non-essential amino acids with leucine (407.01 mg/100 g)
and proline (812.68 mg/100 g) having the highest values. How-
ever, DMSF is very rich in amino acids with leucine
(2868.11 mg/100 g) and arginine (8514.61 mg/100 g) being the
highest essential and non-essential amino acids, respectively.
Supplementation of millet flour with 5%, 10% and 15%
DMSF significantly (p 6 0.05) improved the amino acids. It
was observed that all amino acids were significantly
(p 6 0.05) increased with increase in supplementation level
and this result disagreed with that reported by Fadlallahutritional quality as aﬀected by processing of millet supplemented with Moringa
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Table 1 Percent protein content and digestibility of fermented and/or cooked millet flour supplemented with different levels of
defatted Moringa seeds flour.
Supplementation level (%) Fermentation time (h) Protein content Digestibility
0 Fermentation alone
0 12.29 ± 0.10i 45.75 ± 0.04l
8 14.83 ± 0.05h 58.84 ± 0.03j
16 15.32 ± 0.33gh 64.38 ± 0.06i
Fermented/cooked
8 15.38 ± 0.06gh 68.30 ± 0.07f
16 15.67 ± 0.50g 78.60 ± 0.02c
5 Fermentation alone
0 16.91 ± 0.16f 52.62 ± 0.02k
8 17.50 ± 0.11ef 68.79 ± 3.30f
16 18.18 ± 0.24e 66.04 ± 0.32g
Fermented/cooked
8 19.25 ± 0.25d 71.65 ± 0.004e
16 19.39 ± 0.09d 79.89 ± 0.29bc
10 Fermentation alone
0 19.39 ± 0.18d 65.89 ± 0.01h
8 19.79 ± 0.16d 71.31 ± 0.33e
16 20.75 ± 0.06c 78.41 ± 0.02c
Fermented/cooked
8 20.85 ± 0.11c 80.17 ± 0.65b
16 22.02 ± 0.15b 80.60 ± 0.14b
15 Fermentation alone
0 22.02 ± 0.25b 66.50 ± 0.55g
8 22.46 ± 0.13b 73.80 ± 0.37d
16 23.61 ± 0.18a 79.42 ± 0.01c
Fermented/cooked
8 23.63 ± 0.16a 81.35 ± 0.56b
16 23.93 ± 0.24a 92.31 ± 0.02a
Raw Moringa seed flour 63.41 ± 0.40 86.10 ± 0.11
Values are means of triplicate samples (±SD). Values having different superscript within a column are significantly different at p 6 0.05.
4 A.A. Mohammed Nour et al.et al. (2010) who observed that most of the amino acids of sor-
ghum flour supplemented with 15% chickpea were higher than
those of the flour supplemented with 30%. The first and sec-
ond limiting essential amino acid (lysine) of the flour was sig-
nificantly (p 6 0.05) increased to 42.94%, 60.01% and 71.62%
and leucine was increased to 849.54, 1036.75 and
1214.69 mg/100 g, after supplementation with 5%, 10% and
15% DMSF, respectively. The values obtained were higher
than those reported for pearl millet flour supplemented with
5%, 10% and 15% defatted fenugreek seed flour (Nour
et al., 2015b). The increment in amino acids of the composite
flour could be attributed to the high amino acid contents of
DMSF used as a supplement. All of the essential amino acids
of millet flour were lower than those of recommended levels
(FAO/WHO/UN, 1985). However, after supplementation the
levels of isoleucine and leucine increased above those of recom-
mended levels. In addition, the histidine (161.55 mg/100 g)
level was higher than that of recommended level after supple-
mentation with 15% DMSF.
3.3. Effect of processing methods on amino acid profiles of millet
flour supplemented with 10% DMSF
Table 3 shows the effect of processing methods on amino acids
profiles of millet flour supplemented with 10% DMSF. The
essential amino acid composition of raw and composite flourPlease cite this article in press as: Mohammed Nour, A.A. et al., Changes in protein n
seed ﬂourMoringa –>. Journal of the Saudi Society of Agricultural Sciences (2016),ranged between 60.01 and 1036.75 mg/100 g, with lysine and
leucine having the lowest and highest values, respectively.
Cooking of raw and composite flour significantly (p 6 0.05)
reduced both the essential and non-essential amino acids with
lysine and glycine being reduced to 25.68 and 12.09 mg/100 g,
respectively. However, fermentation for 8 h significantly
(p 6 0.05) increased the amino acids, except isoleucine and
lysine, compared to cooked composite flour but the values
were lower than those of raw composite flour. This could be
due to the metabolic activity of fermenting microorganisms
through which some amino acids might be utilized and others
might be produced. It was observed that serine and tyrosine
contents were decreased after fermentation for 8 h but with fer-
mentation time (16 h) some amino acids were slightly increased
except isoleucine, phenylalanine, alanine, arginine, serine, and
proline which were decreased compared to cooked composite
flour. Cooking of fermented dough for 8 h significantly
(p 6 0.05) increased the amino acid contents compared to that
cooked as a raw. Increase in fermentation time to 16 h fol-
lowed by cooking was more effective in increasing the amino
acid compositions compared to all processing methods includ-
ing raw samples. However, the major change in composition
was found in lysine, threonine, aspartic acid, glutamic acid,
glycine and serine which were increased to 305.74, 454.98,
1009.15, 3835.11, 455.69 and 303.45 mg/100 g, respectively.
The results obtained supported the study carried out byutritional quality as aﬀected by processing of millet supplemented with Moringa
http://dx.doi.org/10.1016/j.jssas.2016.05.006
Table 2 Amino acids composition (mg/100 g) of millet flour, defatted Moringa seeds and their composite flours.
Amino acids Millet flour Defatted Moringa
seeds




Histidine 32.66 ± 0.13e 894.19 ± 0.63a 83.14 ± 0.11d 123.73 ± 0.45c 161.55 ± 0.23b 140
Isoleucine 242.61 ± 0.86e 1428.47 ± 2.14a 418.38 ± 0.89d 491.33 ± 0.66c 574.05 ± 0.95b 400
Leucine 407.01 ± 0.58e 2868.11 ± 1.67a 849.54 ± 1.26d 1036.75 ± 2.05c 1214.69 ± 3.12b 704
Lysine 10.96 ± 0.12e 437.04 ± 0.89a 42.94 ± 0.34d 60.01 ± 0.44c 71.62 ± 0.49b 544
Methionine 20.11 ± 0.35e 679.48 ± 0.98a 76.25 ± 0.78d 101.74 ± 0.42c 122.87 ± 0.39b 352
Phenylalanine 129.78 ± 0.32e 1936.75 ± 1.46a 346.14 ± 0.73d 455.25 ± 0.61c 578.66 ± 0.83b 680
Threonine 37.56 ± 0.22e 849.74 ± 0.69a 100.33 ± 0.12d 146.36 ± 0.24c 186.41 ± 0.37b 400
Non-essential amino acids
Aspartic acid 156.06 ± 0.33e 1020.06 ± 1.09a 369.97 ± 0.93d 425.85 ± 0.82c 477.82 ± 0.66b
Glutamic
acid
114.63 ± 0.23e 6169.68 ± 0.76a 648.45 ± 0.78d 865.68 ± 0.59c 1153.01 ± 1.65b
Alanine 703.88 ± 0.88e 2316.83 ± 3.01a 1327.31 ± 2.02d 1539.85 ± 1.77c 1732.67 ± 2.16b
Arginine 110.27 ± 0.32e 8514.61 ± 4.11a 611.09 ± 1.05d 923.36 ± 1.19c 1368.84 ± 2.75b
Glycine 7.69 ± 0.35e 1760.92 ± 1.23a 14.46 ± 0.10d 23.99 ± 0.09c 32.18 ± 0.24b
Serine 35.56 ± 0.65e 560.94 ± 0.71a 90.53 ± 0.08d 114.46 ± 0.12c 142.96 ± 0.24b
Tyrosine 14.71 ± 0.08d 352.10 ± 0.55a 83.29 ± 0.13c 81.26 ± 0.19c 109.38 ± 0.27b
Proline 812.68 ± 0.78e 2722.44 ± 2.79a 930.78 ± 1.47d 1110.13 ± 1.05c 1327.46 ± 3.05b
Values are means ± SD of triplicate samples. Values having different superscript within a row are significantly different at p 6 0.05.
* FAO/WHO/UN (1985) reference pattern.
Table 3 Effect of processing methods on amino acids profiles (mg/100 g) of millet flour supplemented with 10%Moringa seeds flour.
Amino acids Composite flour Fermented dough
Raw Cooked 8 h 16 h
Raw Cooked Raw Cooked
Essential amino acids
Histidine 123.73 ± 0.65b 73.13 ± 0.23e 79.56 ± 0.24c 122.10 ± 0.39b 75.93 ± 0.41d 331.68 ± 0.47a
Isoleucine 491.33 ± 0.88b 401.37 ± 0.46d 399.47 ± 0.45d 469.31 ± 0.41c 367.00 ± 0.45e 580.78 ± 0.38a
Leucine 1036.75 ± 3.05b 750.24 ± 0.99e 739.55 ± 0.89f 944.57 ± 1.95c 779.21 ± 0.76d 1594.34 ± 2.27a
Lysine 60.01 ± 0.13b 25.68 ± 0.12d 24.47 ± 0.21d 50.36 ± 0.46c 25.33 ± 0.18d 305.74 ± 0.23a
Methionine 101.74 ± 0.72b 57.28 ± 0.11f 67.21 ± 0.19d 81.82 ± 0.71c 62.28 ± 0.12e 185.60 ± 0.21a
Phenylalanine 455.25 ± 0.97b 295.85 ± 0.34e 300.98 ± 0.27d 401.25 ± 0.47c 261.47 ± 0.61f 804.28 ± 0.69a
Threonine 146.36 ± 0.35c 96.05 ± 0.26f 105.47 ± 0.31e 161.42 ± 0.21b 116.51 ± 0.11d 454.98 ± 0.35a
Non-essential amino acids
Aspartic acid 425.85 ± 0.68b 276.40 ± 0.46f 322.14 ± 0.34d 420.14 ± 0.46c 312.34 ± 0.47e 1009.15 ± 1.57a
Glutamic acid 865.68 ± 1.15b 296.05 ± 0.78f 392.58 ± 0.46e 664.06 ± 0.88c 469.06 ± 0.48d 3835.11 ± 4.01a
Alanine 1539.85 ± 2.74a 1189.34 ± 2.68e 1304.74 ± 2.68d 1500.85 ± 2.36b 1143.80 ± 2.25f 1495.50 ± 2.22c
Arginine 923.36 ± 1.05b 460.45 ± 0.84e 508.63 ± 0.79d 552.53 ± 0.70c 380.42 ± 0.71f 964.56 ± 0.94a
Glycine 23.99 ± 0.25b 12.09 ± 0.23d 14.41 ± 0.11c 23.34 ± 0.13b 14.92 ± 0.09c 455.69 ± 0.54a
Serine 114.46 ± 0.52b 91.10 ± 0.61d 70.11 ± 0.16f 102.34 ± 0.18c 84.93 ± 0.17e 303.45 ± 0.32a
Tyrosine 81.26 ± 0.67a 39.61 ± 0.09e 45.93 ± 0.17c 30.49 ± 0.21f 42.24 ± 0.18d 72.28 ± 0.42b
Proline 1110.13 ± 4.01c 1128.86 ± 2.73b 1092.79 ± 1.18d 1151.01 ± 2.15a 827.06 ± 0.99e 1150.19 ± 2.05a
Values are means ± SD of triplicate samples. Values having different superscript within a row are significantly different at p 6 0.05.
Protein quality of processed millet supplemented with Moringa 5Onyango et al. (2004) who reported that cooking after fermen-
tation increased all amino acids except histidine for uji flour.
Also, cooking after fermentation has been reported to increase
lysine, arginine, glutamic acid and glycine of Sicklepod leaves
(Osman et al., 2010). However, all processing methods used
significantly (p 6 0.05) lowered the alanine and tyrosine of
composite flours.Please cite this article in press as: Mohammed Nour, A.A. et al., Changes in protein n
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flour supplemented with 10% DMSF
The first and second limiting amino acids for millet flour and
DMSF were lysine and methionine (Table 4). Supplementation
of millet flour with 5%, 10% and 15% DMSF increased all theutritional quality as aﬀected by processing of millet supplemented with Moringa
http://dx.doi.org/10.1016/j.jssas.2016.05.006
Table 5 Effect of processing methods on amino acids score of millet flour supplemented with 10% defatted Moringa seeds flour.
Amino acids Composite flour Fermented dough
Raw Cooked 8 h 16 h
Raw Cooked Raw Cooked
Essential amino acids
Histidine 117.86 ± 0.33b 100.71 ± 0.26d 91.43 ± 0.23e 102.14 ± 0.21c 85.71 ± 0.25f 160.00 ± 0.71a
Isoleucine 163.75 ± 0.42b 193.25 ± 0.47a 160.75 ± 0.41c 160.75 ± 0.17c 145.25 ± 0.44d 98.00 ± 0.47e
Leucine 196.31 ± 0.61b 205.26 ± 0.51a 169.18 ± 0.45d 156.68 ± 0.18e 175.14 ± 0.41c 152.98 ± 0.49f
Lysine 14.71 ± 0.16b 9.01 ± 0.04d 7.17 ± 0.06e 10.85 ± 0.19c 7.35 ± 0.03e 37.87 ± 0.52a
Methionine 38.64 ± 0.07a 31.25 ± 0.14c 30.68 ± 0.18c 27.27 ± 0.07d 28.13 ± 0.19d 35.51 ± 0.31b
Phenylalanine 89.26 ± 0.14a 83.68 ± 0.23b 71.32 ± 0.28d 68.97 ± 0.28e 60.88 ± 0.26f 79.85 ± 0.48c
Threonine 48.75 ± 0.11b 46.25 ± 0.21d 42.25 ± 0.14e 47.25 ± 0.33c 46.00 ± 0.31d 76.75 ± 0.67a
Values are means ± SD of triplicate samples. Values having different superscript within a row are significantly different at p 6 0.05.
Table 4 Amino acids score of millet flour, defatted Moringa seeds and the composite flour.
Amino acids Millet flour Defatted Moringa
seeds




Histidine 82.14 ± 0.34e 197.86 ± 0.68a 99.29 ± 0.24d 117.86 ± 0.23c 125.00 ± 0.22b 1.40
Isoleucine 213.75 ± 0.68a 110.50 ± 0.39e 174.50 ± 0.27b 163.75 ± 0.57c 155.00 ± 0.36d 4.00
Leucine 203.84 ± 0.47a 117.33 ± 0.33e 201.42 ± 0.46b 196.31 ± 0.66c 186.93 ± 0.41d 7.04
Lysine 7.17 ± 0.09d 24.82 ± 0.47a 13.24 ± 0.12c 14.71 ± 0.08b 14.15 ± 0.13b 5.44
Methionine 20.17 ± 0.13d 59.66 ± 0.18a 36.36 ± 0.29c 38.64 ± 0.19b 37.78 ± 0.21bc 3.52
Phenylalanine 67.35 ± 0.24e 88.09 ± 0.21c 85.00 ± 0.20d 89.26 ± 0.13b 91.91 ± 0.42a 6.80
Threonine 33.00 ± 0.27e 65.75 ± 0.11a 41.75 ± 0.15d 48.75 ± 0.44c 50.25 ± 0.07b 4.00
Values are means ± SD of triplicate samples. Values having different superscript within a row are significantly different at p 6 0.05.
* FAO/WHO/UN (1985) reference pattern.
6 A.A. Mohammed Nour et al.amino acid scores except those of isoleucine and leucine. The
amino acid scores of lysine and methionine were increased to
13.24%, 14.71% and 14.15% and 36.36%, 38.64% and
37.78% after supplementation with 5%, 10% and 15%
DMSF, respectively. The values obtained were higher than
those of pearl millet flour supplemented with 5%, 10% and
15% defatted fenugreek seed flour (Nour et al., 2015b). The
high amino acid scores of the supplemented samples could
be due to the high amino acid scores of DMSF used as a sup-
plement. Table 5 shows the effect of processing methods on
amino acid score of millet flour supplemented with 10%
DMSF. Cooking of composite flour (10% DMSF) signifi-
cantly (p 6 0.05) decreased the amino acids scores except that
of isoleucine and leucine. The first (lysine) and second
(methionine) limiting amino acid score was decreased to
9.01% and 31.25%, respectively after cooking. Fermentation
of the flour for 8 and 16 h further significantly (p 6 0.05)
decreased all the amino acid scores with lysine being decreased
to 7.17% and 7.35% after 8 and 16 h fermentation, respec-
tively. Cooking of 8 h-fermented dough slightly increased
some amino acid scores compared to fermented dough but
the values were still lower than those of raw composite flour.
However, cooking of 16 h fermented dough increased the lim-
iting amino acid (lysine) score to 160.00% and histidine
(required by children) score to 37.87%, respectively. Similar
findings were reported for pearl millet flour supplemented with
fenugreek defatted flour but the values of lysine and histidinePlease cite this article in press as: Mohammed Nour, A.A. et al., Changes in protein n
seed ﬂourMoringa –>. Journal of the Saudi Society of Agricultural Sciences (2016),obtained in this study were higher than those reported by
Nour et al. (2015b).
4. Conclusion
The protein content and in vitro protein digestibility of pearl
millet flour were enhanced after supplementation with DMSF.
Supplementation with 5%, 10% and 15% increased the amino
acid compositions of the flour with limiting amino acid, lysine,
being significantly increased. The amino acids content and
score were varied during processing of the flours but cooking
of 16-h fermented 10% DMSF supplemented dough increased
all the amino acid compositions except threonine and tyrosine.References
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